Recent climatic changes have the potential to severely alter river runoff, particularly in snow-dominated river basins.
Introduction
In many regions of the world, rivers constitute essential lifelines and form the basis of human livelihood. However, recent climate changes may severely affect the hydrological cycle and jeopardize the functional diversity of river systems. Most severe changes are expected to occur in snow-dominated river basins. In a warmer world, snow cover characteristics and snow melt contribution to river runoff will change fundamentally. Rising temperatures are expected to cause less winter precipitation 20 to fall as snow and existing snow covers to melt earlier in spring (Barnett et al., 2005; Simpkins, 2018; Kormann et al., 2015; Birsan et al., 2005) . Recent studies suggest that rainfall amount and the number of extreme rainfall events increase due to warmer air holding more water along with enhanced evaporation (Lehmann et al., 2015; Coumou and Rahmstorf, 2012; Mueller and Pfister, 2011) . Investigating changes in features of snowpack and snowmelt for key mountain regions, Stewart (2009) summarizes "that both temperature and precipitation increases to date have impacted mountain snowpacks" already.
For the Rhine river, one of the most important rivers in Europe, Stahl et al. (2016) indicate that "the influence of climate change is visible particularly in the temporal shifts of seasonal minima and maxima of the hydrological regimes of snow and glacier melt dominated alpine headwater catchments." 5 In addition to changes in snow covers and precipitation, anthropogenic modifications of land surface, subsurface properties and the river network alter river runoff. During the 20th century, more than 45 000 large dams were constructed around the world (Word Commision on Dams, 2000) . Also in the Rhine river basin, human activities change runoff with regard to amount, its temporal distribution as well as water quality (Wildenhahn and Klaholz, 1996; Belz et al., 2007; Wildi et al., 2004) .
The current knowledge on how climatic changes and changing watershed properties impact river runoff comes largely from 10 instrumental records of hydro-climatic variables, particularly temperature, precipitation and runoff. Birsan et al. (2005) state that "as a spatially integrated variable streamflow is more appealing for detecting regional trends than point measurements of precipitation which is highly variable in space and time", but also point out that watershed properties and their changes over time constitute an "obvious complication in interpreting trends in streamflow data." In addition, quality and length of recorded time series often is insufficient to identify and disentangle effects of the various mechanisms. A sufficient length of the time 15 series inter alia is crucial to be able to distinguish between natural climate variability and signals of climate change. Variability of large-scale atmospheric flow on annual to multi-decadal scales, for example, can cause variations in hydro-climatic data, which can either counterbalance or reinforce signals of long-term changes (Hanson et al., 2006; Frei et al., 2000; Kerr, 2000; Scherrer et al., 2016) . Studies preparing and investigating long time series of high quality are of great importance and form the basis of our current understanding of features and magnitudes of recent climatic changes (e.g. Vincent et al., 2002; Begert1.5 1.5−2 −1 0 1 2 0.1 0.3 0.5 0.7 0.9 1880 1940 2000 −1.5 −1 −0.5 −0.5 0 0.5 1 1 1.5−2 0 2 4 6 Bern (a) Basel (b) Zuerich (c) 1. Onset and evolution [°C] 2. Changes in quantiles [°C] 3. Onset and evolution [mm] 4. Changes in quantiles [mm] Temperature Precipitation














and Pardé-coefficients (mean monthly discharge divided by the mean annual discharge) (Pardé, 1933; Spreafico and Weingartner, 2005) for investigated river basins Wasserburg, Basel, Koeln and Wuerzburg.−40 0 20 40 0.1 0.3 0.5 0.7 0.9 1880 1940 2000 −150 −100 −50 0 50 100 150−20 0 20 40 60
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